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Introduction 
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• MSL mission: 

– Probing Martian soil, analyze its composition

– Understand the past of Mars: 

• Life? 

• How much water was there 3.5 billion years ago?

• 2002: Odyssey Spacecraft detects a signal for water

• 2012 (August 6th): Mars Curiosity Rover landed in Gale 

Crater

• 2013: hydrogen presence confirmed by ChemCam

• An ancient lake formed Gale crater  volcanic rocks 

reacted with water  water trapped in rocks today https://www.jpl.nasa.gov/missions/mars-science-laboratory-curiosity-rover-msl/



Introduction 
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• To measure the water contained in those rocks, water 

content is proportional to hydrogen content

• Water content unit: wt% WEH (water equivalent 

hydrogen)

– In a water molecule (H2O), hydrogen has a certain relative 

mass:

100𝑤𝑡%𝑊𝐸𝐻 =
2×𝐻

(2×𝐻+𝑂)
≈ 0.11𝑢

– So 1wt% WEH (=0.0011u) is the hydrogen mass that 

corresponds to 1% of the total hydrogen mass in a water 

molecule.

• In Martian soils in Gale Crater, average WEH = 2-4 wt%

https://www.jpl.nasa.gov/missions/mars-science-laboratory-curiosity-rover-msl/



The Dynamic Albedo of Neutrons (DAN) instrument
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• Pulsed neutron 

generator

• 14.1MeV neutrons

• 107 neutrons/pulse

• 10 pulses/s

How does DAN works?

2 He-3 tubes:

– Bare: thermal + 
epithermal

– Covered in Cd: 
epithermal

– Difference is a 
measure of thermal 
neutrons

– 3He + n  1H + 3H 
+ 0.764MeV



Objectives 
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The primary objective of the DAN instrument is to quantify 

the amount of H in the soil of Mars. 

Because H is a light element, it is a really good moderator

for neutrons. By measuring thermal neutrons, one can

quantify H. However, other elements, such as B, have a

high cross section for thermal neutron capture, and can

affect the thermal neutron flux.

Recently, ChemCam has detected between 100 and

500ppm B in veins, in the Murray formation and Yellowknife

Bay (Gasda et al., 2017). We would like to understand how

the concentration of B affect the thermal neutrons detected

with DAN, and quantify the uncertainty of the DAN

measurement in the presence of B.



Tasks
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–Modify MCNP6 input files, implement the right soil 

composition

• The soil compositions come from ChemCam data (sebina)

• Hydrogen: 0  6 wt% WEH

• Boron: 0  300ppm

–Run multiple files using computer cluster (mpi)

–Analyze the results: 

• take the difference between bare and Cd-wrapped det 

to calculate thermal neutron count rate, 

• integrate, 

• calculate the uncertainties over time, 

• make 3D plot for a typical DAN measurements. 

• Analysis tool: ROOT



Time Structure of the DAN Instrument
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Results & analyses – The neutron die-way technique
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Analyzing the data: the neutron die-away technique.

• Fast neutrons interacting with Martian soils will be thermalized in different ways depending on the 

target’s elemental composition.

• If the hydrogen content increases, thermal neutron arrival times shift to earlier times.

• Binning by time interval the thermal neutron counts allows to see these differences in arrival time 

and curve shapes.

Fig. Example of neutron flux 

at the 3He neutron detector 

versus time of arrival (“die-

away” curve) for thermal 

neutrons.

(C. Hardgrove et al., 2011)



Results & analyses – Some results
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Uncertainties 
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• The uncertainties are calculated by:

– Summing the number of counts per 

pulse

– Multiplying by the number of pulses per 

second

– Integrating the number of counts per 

second N over time

– ൗ𝑁 𝑁 is the uncertainty for N counts



Uncertainties – 3D plot
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• 3D plot using ROOT by 

CERN

• When B amount increases, 

uncertainties increase

• When H content decreases, 

uncertainties increase



Conclusion - Future Work
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• The bulk water content is measured by detecting thermal neutrons 

thermalized by hydrogen and analyzing their die-away curves.

• Other elements present in Mars’s subsurface, such as boron, absorb 

thermal neutrons and have an effect on the measurements, therefore 

on their uncertainties.

• Low hydrogen content + high boron amount increase the uncertainties  

but stay below 7.5% for 0wt% WEH and 300ppm boron.

• Future work:

– Same analysis with high absorbers such as chlorine and iron

– Different geometries: model of veins



Thank you !
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Annexes
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Annexes – Input files 
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• The soil composition in the MCNP6 input files for 2.4wt% WEH and 

0ppm B



Annexes – ROOT program – Multigraph.C 1/2
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Annexes – ROOT program – Multigraph.C 2/2
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Annexes – ROOT program – Plotting counts
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Annexes – ROOT program – Plotting uncertainties 1/2
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Annexes – ROOT program – Plotting uncertainties 2/2
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Annexes – ROOT program – Uncertainties in 3D 1/2
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Hydrogen detection & simulations
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• The most abundant chemical elements present in the Martian soils 

that have an influence on hydrogen detection: boron, chlorine, iron, 

titanium.

• Titanium is in the rover’s wheels, taken into account in the simulations

Element Thermal neutron 

absorption cross section

Boron 767 barns

Chlorine 33.5 barns 

Iron 2.56 barns 

Titanium 6.09 barns 


